Design of a Float Type Flowmeter for Metering Incompressible Fluids by Khan, Rahman Ahmad
DESIGN OF A FLOAT TYPE FLOWMETER FOR 
METERING INCOMPRESSIBLE FLUIDS 
A DISSERTATION 
Submitted in Partial Fulfilment of 
The Requirements of The Degree 
OF 





Rahman Ahmad Khan 
Department of Electrical Engineering, 




4 •J/. ««.j 
'^ '^li^  
N^ n^^ ^ 
£ ft juXnM Willi i 
AlMitrftttt 
drifl«««-«tt«ip aoi i t s mHtekrf •iMWift 
ft—wiiwy fftiMwn.^ fs«p « r l f l M M i t « p 
ftitifA «ii^ tftUtemtiatt ^ Mrififf«»«iti«r 
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f M t i a f «^ t i l * wtffv* 5^  
• 1^ 
• « * * « ' * * « « « « * « « > * « 4 > » * 
flfflAs », viii«h i t b«laf tt^iriltt^d %r ilr*l»laHi AtonA 
HMHI la pupttol IfvUrilaMit for Vw ftward tf dtfiM 0f 
iM%«r df Bagiat^liig In 8U«trl««l ftMrln—giag, t« ft 
tnfitiit ft»i «i^$fvisl0ft« flit mttMP •iii<dit< la thl» 
«isa«rtfttiaB IIMI wit bMB MiMilttai f^ HM ftvati of aar 
'^%a;4^ 
" ^ * JOiftfll da%B* ^m^ 
Head 0//fc Eiec/. K"'?'?. P«P<*-
A f i i I M fc i i. g 1 i f i X 
I Mi gr«£tlr laA^M«d to Wtm ^mG*9§an^l^ M^Amr of 
tlotttrlool iHnliMnartnit ^BMkMr SiMwSa eoUofo of f glutoT* 
lag oai fotinol^fr, AU^a% Mnli» Oidirovoitrf 4 U t « ^ 
viilHHii irtwii gftUowo oaft ^^trvtoioa tldo vofk noiOA 
aevtv iMfo totn poooUiIo* 
X « • ttoakfia to 0r«f•VOl.Soot frofoMOTt Mmftmm^ 
^ lli^luilool WnglmtmFimi «tr ido iMilp, irolmlilo M ^ M -
tiMW oai otfloo* 
X OB oloo UUHdtfol to llr.Q«)i^Aoo^ iMii of tim 
9oitt»laist of Bloet9lo*l anilM^Saf f ^ tiM •oottml 
lir oliWTi oai Itoortfolt ^uaiw to w trUmt^ mHA 
ooUoofVM «iio isofO gifoo at tel» la ooBpiotlaf tMo 
««« • tlHi^» « • oloo tea to tiM tootaiool. otaff of 
tboir »oi4r oooyorotiaa la U M aunfaotvo oai oroi^loe 
of tho laiuaaiat « 
C uama mu» KBAI ) 
9 o M 3/«/6j 
4 iMinK IA JB lift MiAi 
Xa tliis 4i«i»rtAtiMi « i fttt«Hpt iMiA bMB mte to 
twt m&UHmg im-mmmfmrntVlm tlvASm fUmix^ tiaom^ 
pip99 mt mmUX lOjamtmfm 2B ^ Ki»t«r-I Wtm iJtffanmt 
IQrpM of prlMtr alMMits «r» disensMA naA t]i« th««qr 
of orifiM plat* i s givvB* Ilui •seiwyiaratal uii M^trieal 
is »!•• 111! Tiiiti _ 
tim iseOTi 0lui|»t^ 4IMWIM* %li« priasiplss ^f 
iifI^MPsat t^fptm Hi MMi^biT •i«MO^ WMi Ift ggajiiwittsii 
v i ^ t ^ «pifi«s puts* 
Xlw dssi0i sad sslitaratisn tmt sa iapsAtass totiAfs 
typs «r «it«r vsiag sa ovifiss plats mA a flsat typs 
•iimaitsr tofstli^ vitli t te vwlilag draviatss i s givai 
iA iiiapt^ tEL. 
eiMl^sr 2f i s «if»tsd fmt tbs aaaSysis stf tlis 
pmttmmmaim af tiai fakriSfitsi i^traaast «BA %tm 
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pipi la v> 
p f • » » l»c) of ilM auMflitcr la m« 
dri f ie« aiwi l a i ^ ^ 
C£Mit*s«eiioaftl STM af ^ atrMui at thm tmrn 
• t t a u prawNsra tap la aP* 
Gacfficlcnt af ttQatr«atiQa 
Mjm J I i a i t T 
f « tUaa l dtlapUaMMttl flf tSa f laat fraa atra 
paili&Miu 
f^a t i t j r «f appvoaeli fattar* 
Aatalaratioa Sat %& gmTitr i a t^w&t^ 
SlfnHPtatJlal aata l a aattsm af ii&taini* 
C»«agt la tkm laval af t w a y y la Ow f la t t 
ettraaUaa for fa laai t r ^ apppaa^ faettr 
mpa val la taatkataa canpaatlaa fsataa* 
Yalaaitr tlatvibalioa attraatlaa f aalar 
SayaaUt omliaa aavraotiar* f«atetr« 
la»S lata tai iaatlaa faatar 
etnraatlaa f aator f av oalf laa ai ip a&aa 
Zapplac paaitiaa cti7««tiaa faatav 
Aiaa yatia 
fiaatsia at t te mp atvaaa praMMra tap la 
t i * n smf or <iiteii«r«« ia ii9/^««, 
m^ T 8Ml£lff tftiglit of tHo fliSKiiii f l«idl ta 
ao* A ItoKt&ftl iMiil&t or ^10 9I90 yoii0niooo irojoo* 
tloiui* 
i l * ' ^ Biff«hpij|tol pfwiooro oofoto ^ M ^rooovro tops 
mii>mm**mmtH»tm-»»* «*•«•«« 
wngft mm mi m mmM imim 
•sfttttriAf AwvlMS or SMSuriBf •&& vantroUliv tevIsM 
to ft •7«t«i for i n * pmtp9f of AttvralaiBi ^ « aMii l tvl* 
of ••rt f t ia iTttigrlBt ptaursltftl faftiititi«ft« «ft«a for H M 
p«r!>0M of •otttroUiaf t twi v l t l i * is opoelflodi UiitrntiMUi* 
Mitii tiM r«oo«t ftdvaaeos la t««teo1«f7f taitri—Btftttwi 
lifts ftttftia^A • p l M * of pupMmn^ i^por^iato In aoat of 
ttio WifS^akiiico, Xaotrttwatfttioa ftlosg ultli a ivitaUsr 
iooiCMA ooA^pi oyotos w i l l oanr« t te sumfat^vo of a 
!Mtt«r proiMt at a Um&r aeat. 
f i » fWHl i t lat v l i l ^ ara tba «%iaeta of waoaraaHit 
ara gvaaraUy taiMid M varialilaa* f a aaaa |aat a fow of 
^Moa Tarla^laa oia waf amUott ^mKpmntmmf praoaara* 
Uiral , i l iglMuPt apaaifia grav is , ipaad^ viaaaoltgr 
•tmm 
4 f l»iA iwtar «»y ^ ia f laaA aa aa li»itfWMit to 
wtmtmtm tha f l a i l f lawSAg tteaagli a aoateit* H W f lalA* 
aatar aay aaaaapi iM^iai^iliF t l » flolA <|Matit;r ^>*t baa 
flaaa ttaroai^ Urn ^ a i a i t teriaf a glvaa latwpval af 
tta»* X» aaali a ^a^m i t ia kiaifa • • ^ l a i ^ i ^ aator* Oa 
^ a 9t9m tissiA tiw f l a i i aatwp aaf^  aaaaata ^ a rata of 
flow, i a wi i i^ aaaa i t ia ln»«ni aa a ratoattar* Bowavart 
a l l f UUteotara aai^riaa af two diatiaat aoapiaiata 
aaaM of abiaii liaa 4iffaraat faaatioiM to porfora* 
tbm f i ra t of tiia alMva M i i aaapaaiata^ aaraally 
ka«ra aa Um priaarr aliaimt ia i a eaataat vitt i tiM 
te tiMit of i « r r t u ^ aot la i to tiift pviMirar •l«MBt «r 
iapftrtiat Me«Uvat i«i to t te f i m i •troMi mp ^luiiBf 
ftsi •itfhtng» of boot or inportlng o loot fo i in i t lo ^f^ioto 
oto« fbo ooi^ai oo»pqioat« teowi • • thm mmecaamrf oXoamt 
tl^UlliBliM ^lt« illtOfO«tt«l bOtWOOA tiM fUdA OtrOUi 
«ii^ tim prUmtf olOMiit i i^o t ^ vtuploMo to 1M aooswoA 
wmA 00 voli»io,i«oight, roto of tlm oto«, «iA tlw 
io oittMur l«l|$otod or rio«Ntei# 
flMi rotoMtoro mm Ito « M 4 to m^amrm tlM flow loto 
^mwkt ^BH^OPB? 4 M H I ^p* S M B P ^ P ^ P I B B ^ W P ' dOO* SlTJI^^^OB ^ V ^ M M H H ^ V M K 0P*O4p O^BBW^jW^^B^^ ^ ^ ^ 4 p ^^ ^ loB^^^^* 4kOO 
ooBjomtlWBi v l t t t te ^poa ooaioito msk wmtumam tfao flow 
rotos of U^d4 ooKy, iflMro->os aotwro f i t t o i ott oloooi 
ooi^slto ooa bo AooifMi to MtiiBn ^ o flow rotM of 
o i^ i t r OOO^OOOI^IJO or laoooprooooblo f lo i te* 
A iriio VMriotr ^ iovlooo oro l a ww o« priaurr 
oloMBts of f l a i i rotiMitirs for Mni«ff«wat <if f l » i i 
floii ia oloBOi ooafei&to* 4 l in t of thooo priwfar o l i i i i t i 
tmA ^bm Botwro 9f tibilr ttttotootioa iiitb tbo tlAiA 
•tat^m io fifMft l a toblo &•& • 
3 
mimy0 m n m mw—M»W<WMI»M 
i^ «Mi»I I^ f9* wt jpaptwtTy •IMMB^ t f t t m ^ iftiMrMtJ 
« • 
9« Bhnp 9AmA «rifie« pl*t» 
§ Wiwnntart<i Bit 111! • ! 
Omtrlfvg&l 4iff«r«i^U] 
s« P&fW* tfidM StAgiMtion ^f«M«r» 
« • Cmm m f l » * t f«rSj i t i« i i s mnm 
?• WmtaMm immm 
« • 7iMMI m^f^tSMt AfundUi t^ifwi 
^ l ^o^ i lUr • • U t i M I 
i£^ INwklX tioHlilai ttttfttlOft 
tu Itot i f i f« matiMBttir Bftte ^ lM»t %rmmi&t 
I S * ^ • e t f i i i M p u t Xildlittc#4l #*s»jr* 
I d . VHnPfttor 9it?%9inil« pvlMs* 
HMMMI iwiMinr •l«MttU •»§ mmtrntm «f 
•Mtlir 4a» t9 1 ^ t^ivU^itr is eoasttwtioB moA mumtmsUam 
• r tHint ••%«'•# Aaflttftt MuMi« M»tw« i»plfi«# pUt0 is ttM 
•i imlMt AHA tiw «kft«f«tt« B>wiirt»t «rl;ti««»t«» gkrm yiM 
to «oi9ift«r«¥]A li**d Imw aat its Mmttrtiqr «^ wmmmttmmt^ 
is ^ tlw #fdsy sT ^ 1 ts 8 9sy«Hit» 
H M • IMv or Imif IwMl astsr is « vsrr t^ssp 4toriss 
Imt tiMi ssssMMiy is s ^ irsrr s«tisfsstsry* fhs pitst tifts 
sstttuXlar wmMWfm ^ s vslssity «t wqr givsR psiAt sf tlMi 
iissliHUPiS rsts « i ^ tl^s ttsviss is twilsvsass* 7I» i»as 
•«€ tilt fl«st t f |» fts nsll us sl»tts4 ^XioAsr saA ^istsa 
gi^ rs «s Me«r«^ of FOflstrstioii of tte ofii» sf it t to 9 
porsM^ fotliMP tiisss astsrs v i U IMVO to te lsst»lls« 
oalr iA s • « r t |M l sssitisB* Us ssss of tte mMs typo of 
astom tlio esiil'rotistt of ttm astor Aopoato sa s Urfo 
aml^^ 1^ irntrio l^os mA far tias rossoa oxpsriatatot 
oaliliTftti^ sf oasli iaSiTlAosi astsr teeosos aoooMory* 
9attiMar « ^ dssiga of t ^ aitor takss iMo osssaat ttw 
orioatstioa of tiio oiiio oal «s sooH sagr olaaio ia ^ o oUia* 
aM^ wi l l i^ f^ sot ^lo mmmnmr of tlio astor* flm pv^^Usar 
ooi tarUas tsrpo of f Iswastws olso roqoito iaSiviftaiii ooli» 
brotiaa* Siooo ooUtePfttioa evrto far thsso astors Aopa i^ 
mpoa tlio osohiaiooi ^iotisa^ roooU)»«tiaa ^rea tias to 
tiao b>soass asoossorjr* thm bot viro fUo^ast^ dopwiAs for 
i ts m^mtmgf on ktm lamUAw^ ^ s ^ M l f i * teftt of %h« 
IB %••»!?>tB>»» t H U » r fltHi t lwt «Moi(r«r H M flmlift or 
to H* lw«rfwr«t«i ia ^ M «ail»ra%i«o AC tiM M I I ^ * t l » 
tUftd of ftipltoiitlMi $m ijoSmtrfm fUm mtm^srmm^m^^ 
mBt99 —M. 1m v M i ottljr i f Um f 1»I4 is * eontettor* Wmwm^ 
thoM instnawits licv* • liifli A^3r«« ^ aeeoraeif aai «r« 
v»fy of ton mod i a roowu*^ wtvk* 
f te «rif ie« i»lAi» I t mm of tiM oldMit immtim tomm 
to 1 ^ hnomt^ f«r ^ M pvrpeto of aoASttrMMit maA ooatroi 
of flowing flaiAo. l i s t o r i M l rmtw^ oro svkiloMo tliot 
amik dofvieos ««gp« «»oA ^ BoMiii ftariaf tiM period i^ 
Gmmmt for tlio BotOttMHOHit of ««lo» n ^ l i o A to Uviat 
^roortmo. ^ aaro r o ^ t yoaroy olio^ odgoA orifiooo oro 
•oro ^rtoB aooi to aoosuro ^ o Aia^orfo f^oa lorfo 
roMrvoiio* iotiog t^o lot iaoi i^ of 89^1 eoatavr «itoaoii»o 
o ta i iM ooro a o ^ oa t i » aoo ^ orifloos for tlio aNmiioowit 
of flow la oloooi ooaiaito aai I t IMO teoolop^ Into « 
nm meiiUm pUto io m roUt ivolr thia i»Uto vitl i o 
oliar9-^804 liolo oaA fiXlod iiMito t ^ odaiait BMtaol 
to ito «xio» tm Vtm ooio of ol3«al£r o^mdtiito tiM ,.i!ioIo io 
also elroisXar v]ioro*«o for rootoagolar ooadiaito ^ o 
ori f loo plato io prorlAoi witii o rootaagalor Iwlo* 
SA tarn 9i nisfwiAmf pip* Uam tbm orif&«• «itt^« 
in a»naillr mAm t« l i t M I %li» Fil» ftzi* • » • twH ai««r« 
ftf« lEnomi Ml %mm9M/^im arlf!«•-•»«•?•• I f tii» tUU tlmtiag 
is • •mriaf ••ilaiMKis i^ t^enr •OMMK^IO ^ MpMtlftt •rini««s 
«r« iM«4* Ite MSMlr i * srifiwHi i te iMit U «iy««Ur « i i 
tlM orif ie« 9l*t« i t f itt«A l» tmm a aMSMV i ^ t «te 
orifi«« aoft tiM ^M^bte mtfttt* ^ tte pSp* • ! • taAfsntial 
to mtiA tttlMr «t tli» iMNNit p^iftt* In MgMital. 9rif ie* 
9iftt«i thi mUimm im ante ta iMnN» ISM f tirs of « MgpMit 
of m •i««l«» X» silit iari to ^i^so ^iNNi iMrltios «rifSa«» 
• i t i rs IwvtBf tut « r i f iM plat«s fi%t«i mt * dtftaitt 
lattWRl UP* « iM te «•§• C«iiMitft« r^!P« of «r i f i— t t s y 
9r«^Miilir is in* wm% vitolr IMM4 BMURiilftc iastfomiA for 
f Iflif mmamwmmmt tm t l i* prsssftt dsy la i« i t r i * i |i9«stiss* 
nm ifofklBf «r 0Hfiis-a»t«r iilM «U ^ i i i r soMitrls-* 
tioB «i%«r« Is IsssA SB l^s ^riasi^is sf mmm%1m s p ^ » v s 
41ffsr««tisl inr SMsUrmtiac tibs f Ui i i styssa wtU^ tte 
bsip sf s soastvisUan pfmtiMA Ut Urn ssatsitt vtiisli la 
ttm Mss of sapitissiiiiastsr tiOws Hw fora ^ s^ayp.sigs< 
Sfifiss* 
A thoorstinii rslstioasliip tetMmi tbm tfis«b£rti 
AHA Aiffsrsatisl pr^stsys ersatod ^ tlis cnPifiM saa bs 
dtarivNl tsss* sa ttts atsstioa of ooatlaBitr sad B«nMaUis 
IkprntioB sat aiifciac t ^ fsUoiriag assuapti^tfi* 
^^^> ^ ^r .ft-"/^ "'^ ^ ^^ "^ " 
tb« ecjaft^i^ c^  the « 
can ^^ « «'^***^ ^* ...r-r=!^::t7r - ^ ^ ' ^ ^ 
m 
,.¥ «i© down 8tr«»» ''^  
_ . 4ec.l«ratloa dii* t - ^ ^ ^ ^ 
earlier ^^^^ ^ y^ai , 
. . 4« «J-It t ea ttt ^»* 
p 
irt»r«» 9 « t ip itt ^t^^^ « ^ 
i . . the orlfle. - - »» ' 4 . t . r ^ 
aaRly»i9» 
<»r1Tle« ilroMter to pipe dlaa»t«r | tlM e^itr&etiim 
«x|^ii«ie*4 1^ t!^ Jetf the l096tl«m of the taps, veloelVT 
dis t r l te t lcm &t thd r«if9rencH» soetioas, bltmtaess of t)Mi 
or i f le* «di*, roufbaess of tii# svaf&ems &BA &BifnolA*9 
Muas^mt* To dmt&TW&JM th» mtter eo t f f ic ic^ t , tli« t^fiwts 
of the nbeve said factors are aiialyaii separately b:f sow 
inrest if&tl 'ns [ 1 ] expressiaf i t as 
In tb is equation the <iu4.atities an the r ight hand side 
seeoaat for thm ^tC&cts e«used br the irarisms factors 
semtioaed es^rlier. C^ i s koiawn &s the eoeffieient ^ 
coatr. c t i as aad ascatrnts for the effect of th© coatrct lof i 
exseriefi^td by tht f laid Jet after eoaing sat i:tf^  the orifice* 
E It the velocity of spproaeh factor f>M aeeomts for the 
influtace of the dlaaeter r« t io oa the flow coefficient. 
ks th« ^«t eontr ct4 snd a t ta ins &n &re« less th&B that 
of the or i f ice , s Corr^stios is to applied t j t l » velocity 
of the? appro&eh factor E m3& the saae is denoted hy % • 
Ev^  I s kfw^n fts th^ tftpDiag position oorffoction factor aal 
«;ccGimts fc?'* t^ie influence of the location of pressure taps 
OQ the n^lmm of "^ h^  f l ^ coefficiimt, K^  i s the factor 
that lntrod?ice# the effect of energy loss between the 
ref€r©B<»^ ?e?tions RUd is kaovn RS the head loss correction 
factor . Hie facto? 1^ i s known as the velocity distlhotion 
correction f i e to r and is ia<»l«ded i a th is equation to 
secoiatt for thf non-aaiforaity in the velocity distr ibu* 
ti^ms at the reference sect ions. C^  i s the eorrectioBi 
f fee tor for the EeynoW*s laaber •ffuets and Kf is th« 
f! ctor that t6lt«s iijta accownt th^ rc%gtm«ss of p i ^ 
ualls on thm w^lvm of flow eoofflei4mt K. 
An&lyslt of tt» Flow eooffloloat b&sod ^i oqufctioa 
(2.*4«3) pr#suass th&t the infltsoneo of th6 various faetors 
on the valu9 c^ the aetei* eoeffieient e^o. be eraloated 
independeatif, Fxperisieiital InvestigatitMis Indieate tta&t 
Q f ll^ «, &y , K^  , Kk ^fiA Kf are dependent upon Reynold*s 
Hnaber and only at very iiigh Eeyiiold*s HnBil»er this 
dernindeBee vanishes• For this re&son the valties of the 
above aeationed factors are chosen eorres^^^ing to a 
very high v Itwn >f Heynold's Knaber aM tl» over*&ll 
effect st viscosity i s taken into seeonnt by the faettir 
IR • farther i t i^ x enstoaary to design the 8Pt»r in such 
a vmtme^ fto thiit within the required mnge (^ fU»ir rates 
the EeynoH's Inaber effects are negligibly s m l l for a l l 
firijctical imriJcwes, 
The values of the vari^ms faetcn^s on the right hsnd 
aide of equatiaa (l*4*d) can be obtained fro« experiaentai 
ciirvi»s and data. This eTcperianstal dat^ is valid for 
orifice asters f itted cm pipes of diaaeters 00 aa or aore • 
For pipes of less th»n 50 aa no reliable data i s available 
for the deterainatioo of the difforeat factors indep«idently. 
However, an eaperical equation was sugfested by Filban 
and ariffen i^ !^  which i s based on extensive tests 
carried on orifice meters f i t ted on I" aol 1* diaaeter 
pipes. The oapericel foraula giv&i. i s as follovs »-
K « 0.609t • 0*348 a^ • (0.0007S • 0.023 i^}x 
«lMr«, m • EKti3 of the orifice &T%& %9 th* pip* ftr«a. 
fh« RJihors elaia that the «quftti«m i s valid f » »h&r?» 
•dge4 or i f lees f i t ted on ^" or 1" pip* Iliui vtth diawter 
ratio •aryiag froa 0*iS to 0*7 aad ^iv«3 rastilt vith orrors 
not axeaodinc 0*5 pareaat* 
JUfi ey»yi^&l d t^& ayallalila fof 
i .*M**ii^ui; 
Tha coaffieiaat c^ ecmtraetlon is dafii^d UM tha r&tio 
of araa ^ tlra stra t^m at vana e<mtr%eta t^ t!^ ara& of tha 
orif iea, and is* obsarvad to dtapand npo^ t)¥» Ea^m>i(l's Huribar^  
araa rati^ and tha thielmass of tlie orifiea adga* As alraadf 
aanti:med tha ^aynolds Kva^ar af facts on tim valna of Q 
baeosies naglifibla bey^ i^d a certain eri t ieal •alna of ^ a 
Eaynold*s Snsisar* Since thB Ea7nold*s tBitf!^ r affects are 
being considered separately b^ tiie Factor % , tba i^ltte of 
Cc at R^nold's lltiaber hejroad the cri t ical w^lvm only i s 
to be cmsiviereci. The v&rlatioa of ^ vith the area ratio m 
in casa of a sharp edged orifice in tiw refion v&Mie tl» 
Reynold's liii;^)er effects are absMit as shown in the f i g - l . lU] 
The flow e oaf fie lent K i s ?ery a»eh effected by the 
siiarpness of the niwstraaa ed||a of the orif ItHi* ifthen ths 
orifice diameter i s ]4iss than WO wm the sharpness of ttw 
edf« hf s to be checked by i:0ing optical devices* «h*& the 
orif ice di&aeter is greater tean lAO vi the sharijpess of the 
edge i s to be checked \ty visual obsertatiesis* Uiieiiaver the 
edpi i s n3t sharp the value af c^  as obtained frott f i f - l * l 
wi l l have to be corrected by valtiplylng i t withi a eorrectioii 
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99Tf9%iotL faetoT X^ ftt ft twcistt^m of i»ipe di&Bit«if REMI 
fh* ir»l9eity af upproach f^jetor B If to be ealeiii&to4 
^ the •fitaatloB 
fho e€ww«etl>R to b© &pplie<l to tho y»loeity of 
ftpproa^ faotor g to aecoat fop th» j«t e«mtrsctioii 
eta b« ^l6Vil«t«<i '««lth tli» ttaip of •^iit.tioii 
'E - i w - i ? — * ^•'••' 
tim tskppias position e«rroeti<^ f«etor dop i^tAs Q^OB 
t&kd loe#.ti<m iif tho prmB9vir€ taps, flie ^ ^ B«s«%rebi report 
!» riQlA iiitovo C 3 3 4li«««sMc fivo typos 9i prossoro t^p 
«rra&g«ii&iits usasljr i 
1) rtaago tm^Bm 
11) Taps ftt 3> &ai # 0 
111} 7#aa e<ffi|trft«ta taps 
i^i ^ m s r tsps 
• ) Plpo tspS* 
riis ^oloo Of tbs prmngwf tap srraai^Mmt dop«ids 
upon tl» dogroo of seeQF&er roq^irod, ^ o o&so of 
ii&ii»fiioturo s^& orooti^* I t i s 4oslr%t>U to lo«&t« tiM 
taps Ifi sash s litwior so fmt slsllmrlty e^sl^oretloas sro 
s&tlsfiod Ixr^pootlve of tho slsos of tho vmfr &i)S th* 
41ffsro&ti&l P70SS1BNI •sasiirod at ai^ giT«n f loir r&ts Is 
aaxlflM posslte« 
^if lf lo wtors with flaogo t&ps aro e^ MO&lar «sod In 
^ l U l a mA 9«S«4« tw f«airal fluid nttarlM parposss* 
XB this arra^piamt tho laps aro ioci to4 88«^t?- «ll l laotar 
(l«o« ! • i; ! / « • ) bofwro maM aftor «MI orlf 1 ^ « SOA an 
arranfaaiet eaii laot satisfy a ia lUrl ty ooasidopatloas aad 
as 99eh t3sm faotor K, wil l b« « ^ — * - -
at w«ll »t th« pip* dlaastwp. la &»l>/2 tapping arrangeai^ at 
vhXeh is also knowa as radius tap air&ageattit, ^l» up straaa 
prasimra tap la loeatad at a distaaea lo froa tba orifiea 
vliaraas tiw dawa straaa tap is loeatad at a distanea of 
1^  ^ fr^a tha «rifie«» fliis arrangaatBt fiadUi a plaea ia ^la 
British Stfti^ards {A} b t^ is aot raeogaisod hf tha 
iiitarnatiO!iaI orgaalWtiaa 1^2 
t\m •oaa^eoatraata tap arraagaaaat as saggastad mr 
stols aad seiilag [ 6 ] and aeoaptod Iqr tiia Xataraa-
tioaal Staada^, loaatos tha ap atraaa tap at a distaaea 
of 0*9^ X*ff> ffoa tha orifiea aad tha dowa straaa tap at 
tha vaaa aoatrata. fha laeatioa of thm vaaa eimtrfteta 
dapaada apMi tha diaaatar ratio aad tha Talaas for diff^rant 
diaattar ratios ara fi^«a hy tha atet^ a axiithors* thon^ this 
arraa^ MMNftt satisfy tha s la i l ar i^ eoasidaratioas aad f i ^ s 
larsr satisfaatory rasalts^ gi^ aat «&ra aast bt takaa ia 
laoatlag tha dowa straaa tap* For this raasoa soaa aaaafea-
tarars avoid this arraagaaant* Ia this eoraar tap arrangaasat 
shswa ia Fig*l»3 tha taps ara loeatad irasidiataly hafora uM 
aft^r tha orifiea plata* Xft this arrai^ BMMBt tha siaiUrity 
aoasiSaratioiis ara satisfiad, tha diffaraatial i»r^sora 
atfToaa Uta tap ia high a»d tha asaafaatara aad araatioa 
9m. ha dons v i ^ l a e l^a tolaraaaoa. Fter ttmam raas >as this 
arraagaasat fiwis a vary wida applieatioa ia aaj^ftf of t ^ 
ooaatrias* 
la tha pipa taps as raeoaaanflad hy tay«sl«p l" ]^ 
tSm ap atraaa i s loeatad at a distiuasa of 18 frea ^ta 
«rifiea aad doim strwia tap at a distaaea • ta tD froa 
tha vaaa e >BtrHeta« Sawavart this arrangaa«it gives mry 






Miovk th* cQ^nmr t&p arrangeaeiit v l l l b« us«d bee& }S« of ttie 
Tari >us f^v&ntagst emswratad. Flg« 1«4 L ^ ] 
ilv«s tbi variation of faetor Kv,. with the &rea rati? a 
la eaM of earnor tap &rr&ngoa»nt and Is vali4 only la 
e&s« of high B»3raold*s Suaibers* 
fhe Teloelty dlstrlhutloa ecHrreotl^a fcetfir is ilv«a 
liy th« scpfttlcm t 
1-cf i? 
A" — — — —- ( 1*5«3) 
vhoro , 1^ Slid x^  ars th« €»a«rf? eorr«etlon f&etors at 
th« rmfmrmmift Beeti^;»is. fibaeo this eorr«etla»n factor e«n be 
eoflumtftd If the values c^ i^ aad di. trm ka^a. Ths 
usual valiMS ehos*a ar« 
^1 • U03 to Ut 
It asjr b« i»atl3i»id th&t i l has Issser Infltieaeo 
oa ths eorrsetlsa fBctor t^^ as csmpared to J^2 &S It 
2 2 
appears la tha squat! >n aloag v i th atiltlplylag faetor C^  m 
vhleh wi l l havs V&IVM ec^nsldsr&bly l«ss than aalty* 
fhs ^ad loss eorr€»etlt:ici faetor K i s ai»pr<Kclsmt«l]r 
sqaal to 0*99 &iid reaalas ssnslbl^r aasffeetsd with Tarli>.tlcai 
la ar«Mi ratio and pipe ro^^hasss. 
ths factor K^  that takos lat^ aeeoaat tha roughasss 
of the pips vai ls i s ebs«rr»J to b« a fiBMtlcm >f the area 
ratio a, tho E«;rs^Id*s a^ibor &» aaS relative swMthaess of 
the pipe _ . ^ vhere A i s the aoainal sise of ttes rough-
nma of the pipe as deflaad by i^aody Lsj.fhe values of A 







and eatt be dbtairwid «lth«r fraa tabl* 1*2 L * J °^ ^^  
•X p«r iWHSitat 1 ^  • 
1Rt« imlaas of Kf eitn be d*torala«d with t!i» (»<|u&tloa 
i S ! ^ ] " " . 1 ^^ (1.6.4) Kf • (Kfo -1) 
ehoosSiig the value of K^ ^ froa table 1*3. Tb* Eeyaolel*« 
H«ffiaer correetion factor % depends on the aroa patio m 
and tiie pipe Heyzttld's Iistber, Fig«l)i shows the variation 
of Kij as a fttaetloa of n ai^ R#p, 
s«l«eti<m of sateriale for orlfiee pl&te dmpmoAa apm 
the type at fluid to be aea^nred* Xn soae fluid veterini 
probleas the flowing floid eaa reaet with the sateriale 
eoiasmly used for the eoMponenta of tha aeter. F^r eK&ap]e 
aonel aetal ean aot be used for the aeseurewtat of ftial o i l s 
or sewage, since i t elsmadoally reaets with them. The 
SBSiterials used f 3r varimis types of fluids are t 
i ) Pi^ air Beteriag t gna aetal or aanel aetal 
l i ) For streaa aetarlagt a^nel a^t^l or stainless steel 
i l l ) F«r vfLter aetoring t gaa aetal or staialess steel 
Iv) For se^afo, fuel i staialess steel 
o i l s eoal,gas ete . 
• ) Poi* hot raw prod^wer i Fire briok. 
gas %%e* 
»ith tho reeent a<ii%neeB«it in the plRStlj»s, %t»y 















i 1 — 1 
iS.Ho, I Type of plp« I A ia i 
!• Saooth withottt &i^ deposits O9QB 
2« jf0v eolri drtkvn so&at^ss pip« 0«0d 
H^  M«v licit dravra ao^iI«ss pi|}« 0»(^^«I 
4* Umi rolled pipes 0«(^M>*1 
5* Hew Welded pl|>es 0*05-0«1 
6* Sllifhtly rested pipes 0*1 •0*8 
7« Hasted aipes 0*2 -O^S 
8* ?i |«s v i th in erust&tl ms 0*5 *2«0 
9* 0itwy.iiised ;>ipe3 (aeM) O«05 
10* l i t indaised pipes (aorml) 0*1 «0.2 
XI* aalvaaised pipes 0.13 
y Aiams of no^iml size of rm^bnasa irro^^etiom 


















































mm^m nwmm ^u mwim mm 
Tit* weoedajFY •leasiit <if an oririe« «st«r tr®otlat«s 
t ^ JUit«>««tisii l»«tv«9n t^ fluid 8tr«aa smA orlfie« plat*^ 
! • • • ^ « dif f«7ftfitlal pr«ssar« into ttnlts of flov rat«. tb« 
ste<md&ry •l«»wcits umA ia, eoa^mmtion with orlf !«• |)l&t«f 
«7« frcmiKid as «oi«r t* 
1* ld<|iild flU«<t wiaowit«rs 
8* lf«r«ary float tfP* atttors 
3* 3«l l ^rp« aotorB 
4» Wolght balance tyi^ o aoters 
5* Bclloifs tftm aet«rs 
6* Foreo balaoeo trp« sMtors 
Liquid f l l U d mxBmmtmTM &r« tli« ol^Uist and tli« aost 
•loaantary Meoad«ry •lovtats* fluiy &r« voyy e l ^ p aisd aeetirst« 
Bovo^ ttTy tiwj sitiTfor fro» the dr&v h a ^ that flair r%t« ^a l« 
e«» not b« imlfom and as soeli tho aemuraof of tlM aos^uri^ffiit 
f a l l s down at high dlseh&rgos. Further thagr art too fragllt 
for la^tastrlal itoo and aro not «Md la proeosa liuitraMQta. 
fho ll(|9ld f l l lod aaaoaet«rs aro of tvotgrpos s» 
1) n^tfpm 
11) yol l tfv 
thm adraatafo of tho woll tjrpo or<^ tho 9-trP« Is that, 
vhsn thojr aro uaad oalf oas raadlf^ Is nsodod Instoad &f t^o, 
ro(|iilrod la a tl-tr?* a»ios»tor« Howovor la a wall t/i^o 
aanoMtor tho soro af tho soalo wi l l hare to bo rosot to the 
lovol of the aasoastrle liquid la tho wall hoforo oaeh reading 
^S•reca7 i s tho aost coinonLy :sod f i l l ing In theso ai&aomtera. 
Othor v&aoiastrlo liquids ttwd aro earboa totraehlorldo, aeatyl 
tatra«br»ld«, kerososa a te . , but as theso liquids haire hli^ 
eooffleleats of teapr^turo expanslcm, thoy aro rarely «sed, 
ThAso suknoveters are usually l l s l t i ^ to relatively Ion 
dirr«p»atlai pp«s«ur© r&ng^s, as fop high pr«s9ur«s 
( &hov Z t.gf/em' ) %h» iwixiaater biteosms ineaiifsnlintly 
long* 
a.3 Float tfnm mtmrm 
This typt or a«t«r has a aatal float plaeed la a 
ehai^r and ridot on the sarfaeo of tha Mtreary* 7^* float 
ehaa^ar forns tha wall of a wall-typo Ksaoawtar* flio up* 
atroAs prossaro ftt tha or i f lea i s eoim^tad to tbis ehaabar 
and tho doMii straas prass^ro i s eoimeet«i to tha other l»f 
Qt tt^ aaaoaatar* Htflpoal aaro positicm ot tha float la aai'T 
tha top of the ohas^ar ai»l the float aovoi down-wards with 
iaereasa i& diffaraotial prassora* fha dif ar^ntlxl prassitra 
i s ralatad to flo&t aovaaeat as 
F-Pf • (TT r^i) Ci • I f - ) « ——————<a. i ) 
whsro, r l • apaolf i« waight of tha aaaoaatrle liquid (asrotiry) la Kgf/al3 
42 « Cros s-sao tioaal araa of the flo»t eha^bar 
AI m Crosa-saotional aroa of the lotf prassara lag 
d • V«rtieal di«i>la«aa«it of f lant frea saro 
poaitioB* 
Tha float aovovent is liidrod to tha pointar ( or pmk) 
of the iastruaaat through a stiitabla aaehaalsa* Sii&ea th<i flow 
rato i s aporoidMataly proportlcmal to tha squ&ra root of 
dlffaraati&l prossarOt thv soela or tha raeordicf chart asad is 
a s<|a&ro«r90t gradoatad OBO. 4ltamatival3r tha aoyaaaat of tha 
fl<Mtt i s eoii^Kinieatad to the ladieatiag pointer or reesrdiaf 
pea t h r o a t a earn or aajr other saltabla doTlce de^ gaed to 
give a linear scale oa the iastruaaat di&l or eh&rt* 
TiMse aaters aa - be aaed for fluid pressures as high 
as 3f0 Xgf/e«^ • Such flo&t type aaaoatters are oft^i tented 
as Btetianleiil ae t«rs , S1QC« the position af the float i s 
n^^cfifealcally lixik«d to the i i ^ i e iting ^r recording pen. 0n!er 
these elreuiastances the 3»ter d ia l is aonnted an thm frcmt 
of the instrument ca'^e, snd the i^eh&nisa ccameetlng tYm f lo t 
and the pointer i s ace :HKiodj.ted - i t h in the easing. Foe reaote 
indieating or recording «hlca is & basic rcquireaent in 
systeas nsing centralised control un i t s , e l ec t r i c type flow-
aeters or pMRwatle t r^nss l t te rs are used. 
The e lec t r ic flo««eters using th is principle are of two 
types s-
a) lDduetEnc<» or impedei^e - bridge set^rs 
b) Electrical resistance as ters 
In the l'»duc-at»e bri'^sre la? t e r s , the f lo^t i^ticm 
positions an arm?iture In the f ield ax two coi ls as ^own in 
Fig*8*l 110l« the two coi ls form two arsw of an iz^uetanee 
bridge and sure c«»ineetea to two siaiilar eoilJ in the receiver n 
u n i t . Aoy sot ion. of the araature connected to the f lo&t un-
bfilsnces the bridise and causes a correspond in? mov^tmnt of 
the armature In the receiver to restQre equilibrit ia. The 
p«i linked to the reeelver ar^iture records or i» i icates 
t h i s ac»7eacnt» 
&aoth«r design in Inauctrince or i«pedance bridge tieters, 
•Wmm in rig«2»2 i s to use an elect >aic a ^ l i f i ^ r and & 
servo aotor. iny chan e in the aosltloa of the f loat aoves 
the araature in the tra?J»«ltting c^ l l , vhich causes an 
unbalance in the bridge, mils utEtibalanee is aaplified by the 
as^ l i f i e r atr^  is fed to th# reversible serro-isHiter which 
adjusts the position ^ the receiver arasture in i t s coi l 
%•} a t ta in ^laiuie la the bridge, gtti^a n &)ointer aounted 
an the sh f t of the servo-aottor can ii»lieate the floi* r a t e . 
^£fCHT^\ 
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F i g . 21 
INDUCTANCE BRIDGE sy^TEM USED /^ HEAD 
FLOW METER . 











Fig . 2-Z 
6^j^ OF ELEcrnoA/Jc AMPLIF/E/Z TO DETECT 
UN-5ALANC£ Of SfllDQE CIRCUIT //V ELECTRIC 
TyPE fLOVM M£TER. , 
A onifora ««al« or chart aay b© us«d by suitably designing 
a earn fia»d on tbo K>tor shaft aii4 operatta^ the ree«l7«r 
araaturo. 
4 third design in the bridge type i s seheaatie&Ily shcnfn 
in f ig-2.9 L 101 • l a t h i s e&iw the f loat aotioo w^ves » 
eore in the trrmsf c»>!ssr whose primary i s caimeeted t^ the »iin 
supply* tim volt&go ra t io ia ttm two secondary coils is 
dep«BdUint on the position of the eoeee snd intern the f l i^ r^ite 
The bridge eons 1sts of the two see^mdary ea i l s ai^i the tvo 
v&riable rosist&£u^ araSf the resistances being varied }ff 
•esns of soae •eehanisn ecsn^ted to the stotcxr shaft . In eaiie 
of an ^abnlanee in the bridge, which i^n be dne to the Motion 
of tSm core, one of the two vlndiags of the ivversible serv«ft» 
aotor i s energised, causing the aoter to reposit ic^ the c^tae l 
i^int on the resistance leg u n t i l the bridge is &g&in b&l&ne^ ed. 
Botatiim of the reversiing aotor m&y be calibrated in flov 
tmits and by properly designing th« co-wi a llnemr scale can 
be obtalJMd* 
One of the greatest advantage of the bridge a»ter i s , 
that these are nneffeeted by f luetnations in the snpply 
valtftge and tfm s e n s i t i T i ^ i s largely de-pendent on the inertia 
ai:^ the aechiinieal f r ic t ion of the servoooter* 
In e lec t r ica l reciftance type aeter shown in fig*2*4 ^10' 
a niMsber of res i s ta i^e rods connected in paral le l are kept 
dipped in ntrenr/ in one of the manos»ter legs* Tivm to change 
in dlfferentl&l pressure tim aerenr/ level r i ses or fa l l s 
thos covering or uncovering the resistaxtte rods which in 
turn •Itflsrs the resistance of the rcNis and hence the current 
in the antteter* the aasMter i s calibrated in flow uni t s . 3y 
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IMPEDANCE BRtDCE SYSTEM USEV IN 






4is&dvaat&tg« that any y&riation in tim supply volt&sre will 
e f f tc t tlie acciiraer of th© meter lag unless & correction 
c i r cu i t i» iwxarporatedi. 
In the lJ#tl type ae ters , the f l a s t i s replaced 1^ a bell 
p&rtially salMKrged JUi & sealing liqald* The midertlde of 
the be l l Is in cos»imle«>tl;ai %«ith the high pressure side 
of the or i f ice plate end rbove the bel l the down stre&a oressti 
acts* Hie ancnmt of sut3^»rgence of the bel l depends upon the 
dif ferent ia l oressure. The force restraining the w>vea«!it of 
the bel l is nsually & eoi^ination of the velfht af the bell 
aoA a force due to a sprixui or weight. Thus the bel l oosition 
is a aieasure of the different ia l pressure and himce the flow. 
To arr ive at a onifora f lcw*rate scale the iimer eross«8eetit»3 
area of the bel l i s aiade to decrease vi th the height in such 
a aaimer that the upwax^ aotitm of the bel l is in direct 
proportion to tlui flow-rate. 
In tf^ weight-balance ty^e of f lo»f neter the secooiary 
eleaent shown in flg»2«5 LIO] conprises of a »Einos«ter 
•ounted cm a knife ed-e and free to r o t - t e about the horix^mta 
axis tunraal to the liil»s of t^e oamiseter. The mjsoaet^ can t 
eanv€^i«itly given th» shape of a ring as shown in the figure. 
iihen a different ia l pressure is applied the liquid levels in 
the lia3> change and the eianoeeter as B, whole tends to rotate 
abont the axis of the noimting. This tendency to rotate will 
be oDposed Iqr m balanelnf; weifht provided at the bott(»i of the 
r ing . Thus for any dif ferent ia l pressure applied, the ring 
gets t i l t ed through an angle 4^  a t which th*% sKttaents of the 
counter weight and the »nroury level difference bal-nee each 
• ^ / H « 
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F i g -Z-5 
SCHEMATIC SHOY^/NG PRINCIPLE OF RING 
BALANCE FLOW METE/? . 
o t h e r . Thus t h t a a f i l a r t i l t 4^  can Iw U3©d as a met&sare 
of the flow r%t«» 
In a l l th# types of meters dise^issed above aercury i s 
generally uj»d as 8k'M3i<»B t^rie l iqu id In th© secondary element* 
SiKSh »ec<mdary e leoents h«ve the following i e fec ta , i -
1, fhe 5ecoi»iary e leaent w i l l fmve t o be kept in a v e r t i c a l 
p o s i t l ( » for proper working aai as such a l t e r s aC th i s tvpe 
can not be used oa savlnr systeap such a« aoviag bo l l»s , 
ships , e tc* 
2* The lengths of the aancMKrtrlc l iquid eol ian gives r i s e 
t o I ne r t i a e f fec t s and as such the response of the ins t ruaent 
imdier unsteady cati«iltlon3 I s not v e r j sat lsfActory* 
3* Mercury i s a c o s t l y i l e a of these a s t e r s* 
Because of th«se ^efects^ bellfHirs type of a s t e r s are 
gaining popularity* l a the bellows type o e t e r s , the differentIfi 
pressure ac t s aga ins t & a e t a l beHovs. Hence t » tmbalanced fsa 
force prodiMj«d i s eounter-halaaeed hy the spr ing ae t i an of 
the bellows and another sp r l s f load* 
t h e taster uses a f l e x i b l e torqtw tub*^ to t r a n s a i t the 
bellows ac t ion to the pointer* In some de^^lgn the $p&ce 
between the beUoiiis i s f i l l e d v l t h a llq-iid to prevent the 
d i s t o r t i o n of the bel l<^s In t^uivffent of over Tsn^ and t s 
provide moma for daapiag« 
the a e t e r s so fa r d isc issed me teraed iis aotiOBobalance 
type as con? 14©table ac t ion aust occur l a tfwis to give r i s e 
to the required r e s to r ing fo rce . 
In the fe ree-bs l saee t y ^ , the ptKms^tlc t r ^ n s a l t t e r s are 
used t o give an a i r output pressure proportional t o the 
d i f f e r e n t i a l pressures* Iherefore , force»balanee Vrnm mfmtmm 
ga,ft f T I I £11 
Thm prdbl»ii of ^•slpi oi the or i f lee wtmr e«A tm spl i t 
up into two parts* fii* f i r s t piirt i s to detentine the disMnsia 
of tlM T&rloas parts of the orlf lee aeter* the see^ n^xdl h&lf 
of th« probles eosprises of the estiaatiof the various 
eoeffleieats of the aeter at dlffer<mt flow rates and arrive 
at the ealibr&tion airve of the aeter ^»im the ea^^erieal and 
experia^tal iaforaatifm available* 
fo tesigQ the orifiee aeter the following data i s 
required t* 
!• The siee of the pipe line on vhleh the »ster is to be 
f i t t ed . 
2* 7he s&terial ead tyi^ e of pipe* 
3* 7he fltiifl flowiftg* 
4* The tei^erature at vhloh the fluid i s floviag 
S* HaxlsBa discharge flowing throfugh the pipe. 
i* Type of l^e differential pressure aeasurinK deviee 
and the aaz in» pressure differential i t em aeasure. 
In the present '^o^ an orifiee aster vith the folloving 
speeifieations i s desifned s-
Diaaster of the pipe • I » 2*64 ea 
Type of pipe line -«—»——«^ 4«olass eoaasrelal G,.: pipe 
Fluid flowing —,«.«««—«— Mater 
Teaperatare at which fluid 
is flotfiag « — . — „ — « 23r« 
Nsxiaua disoharge, Q aax. m 90 lit«/aia« 
Type of seeondary eleamat « Hsreury float type aeter 
vi th iapedenee brid^ 
presentation deviee. 
^xisttB pressiare differential 
that e€U3 be saasured by the 
aanoaeter « 20 ea Hg 
( 1^1 «ntisiially lov^  v lue f^r the saxiawa different ial 
pTBSBVLre was ebosttn. with the intent af reduein? the s ise 
of the aeter* This neeesslates adoption of eXomt tolerances 
to fttt&in sa t i s fac tor / %ce«r' cy ) 
All the advanced countries have specified their own 
design procedures for the desi^^ of ««piflce aajter. The 
Qemma procedure is given in DX!! ijMS 1 U ] , the British 
in BS 1(H2-1»43 [4 ] , the French la SPX lO-XOl C 1 2 : 
etc* The design given belo^' i s b&sed on Dili 2SI52* 
a.^ Design Procedure i 
Tyoe of pressure t&ps Corner taps 
Specific gravity ^f «ater a t 
Proa tables [1311 
Kinaaiitie viscosity of wster i^t •© o 
2 ^ 0.9381 z 10 • /^ee 
Fr<M tables [13*] 
Peralssfihle di f ferent ia l pressiaere head in aeters head 
of flowing flttid I-
^ » x * ^ * | t ^ ^ ^ ^ • 2.7a«3 
from eqtiatiaqa il«4«2) 
Q « I C r g . ) X A ^'2|^ 
Substitntinf the inaxinuta values of sllseh&rfe and head 
K.», • ^ ;^ b^tex ^ . 4 X X#S X 10  
^'D^ V^ g^ Wx U.^>iixio-*Ji^.^ .^^ 
In arriving at th i s value of • Ka ' , no correction 
for temper tore effects an the dimensions of the orifice 
phitm was tatken inta £Ocansnt as the flowing fluid is at 
raoa temper a t a r e . 
3as«di on th« calculsted val i» of • * • the value of K 
can be deternlned fra» f l ? , 3 . 1 [ l l ] «nd thea a can be 
ecmpiited. However, th# values gl en in f i g . 3*1 are valid 
only If the nipe Is ssootli, the or i f i ce i s perfectly sharp 
&nd the Beynold's aaaber Is greater than the c r i t i c a l Viiliae. 
Hence the values of % aM m obtcined by this iJroeedure 
fire to be farther <»»rrected end as sudh they wmy be treated 
as f i r s t a^proiluate solutionis. Denoting thea &s K^  and •* 
So* « 0«71 ( fro* f i g . 3.1) 
ani • • • | > | y » 0*671 
Frou table 1.2 « the nosinal s i s e of the rougteiess projections 
for a fvi- pipe Is 
^^  m 0 .13 m 
E*latlve smoothness of the pipe 
<* 195.4 
For these values ^f ^ and «• the vsl'je of K^ can 
b© obtained froa table • 1.3 or f i g . 3 .2 1^  1 ] ^ by inter-
|K»lfition« whlda i s dane with the help i f a plot f i g * 3 .3 
KfQ 9 1.0198 
At the amxiasiis discharge the nean veloci ty of flow in 
the pipe l ine » 
1^  08 7:x(234)» X ig r * 
« 2*960 i^see 
Pipe ReynalAs nussber eorresiKindinc to aiaxiroia dlsehnrge 
























Th« pipe roa|lm#?a eorrectloa ean nov b« ca lc t i l t ed 
using equation (1»5.4) 
« 1.0129 
Th« value of X ^ for a • 0*S7l eas be 3bt^.iiie4 fr^m 
fig* 1*2 by extra-nolation as shoim l a fig*. 3*4 • Thne 
Ke« » UOliSl 
table 3»1 gives the c r i t i c s 1 values of the ? ejaolds 
mxmer f^r or if lees with different area r a t ios as 
reeomMided br ^^^ ^9S& [ l l j * ?br the area r a t io a « 0*57I 
the c r i t i c a l value of He^n^lds nimtier can be obtained froa 
fle->3«6 which flvfts a plot of t&ble • 3.1* Thus the erl t ieal 
value of Bep. •orrespoMlng to aa area r a t io of O.fSTl Is 
2y00fQ00 • This v&lue i e greater than the value of Reynold's 
a u ^ e r eorresi»»»llns to th@ waxiwam d l s eh rge and hsnee a 
correction factor 
3»So« M Critical value of Hep 
U 0.05 20t090 
2 . 0.10 30,000 
3* 0.2D SO^OOO 
4 . 0.30 80,000 
6 . 0.40 1,28,000 
6 . O.SO 1,70,000 
7. 0.60 2,28,000 
8* 0.70 3,00,000 
TMm - 3 . 1 
1 ^ I 111 I , • • - • . • • • • » ^ l — ^ 1 . 1 — * — ^ ^ . . H , • - . — > — — — * — - L i — — . — - I . * — — I — X ^ I • • • — • • • 
— • > — ^ ^ . - . • • • • • • — — , • • — w i .,„ • . — — - , • • „ , , _ . _ — I , , — — • — • , . . 1 — , — , — • • / i . — ^ 
. . - . . - . . 1 1 — . . , . ^ ^ — . — — „ — ^ , k ^ . . _ ^ - , i > , • • ^ - ^ - " • > ^ - — " — - " ' I * - • ^ — — — - . . . — , l l . . - l — — 1 - ^ * 1 . . . ' • . I I I . 




































O'OO crzo 050 040 
ffS' 3-S 
% for Tiscosity effoets h&n to be usftd. fhis correction 
factor is obtained froa fig-1.5» to get the v lue of Kj, 
corresponding H p^ « ^ 1 5 0 aod »• 0*571 , the f ig . 3,6 Is 
dr vn, which shows a plot of the v s r i a t i >n of Kg with H p^ 
for a • 0»S71 ftoa which % « 1«0(^ M *^ 
I t m.r he aot^i that the general desipi preit iee of &U 
canstr ic t ioa devices, the area r? t l o and the differ«Eitial 
pressure are SQ chosen that the working T&.m-% jt the aeter 
aiaatlT fives r lae to Eejmolds noaber having values great^^ 
than the critlc^il vnlue. In t h i s pa3*tlmtlhr caso an wi-
ttsnally V'M valus^ of dii 'fereotial aressure is chosen with the 
Intioit of fot^Ui^ tha aster canpaet. The corrected raltM c^ 
the flow coefficient in the second appraxlasatloa can be 
obtained as follovs t* 
K« » K'o • ^ • K^e . % 
« o.n X x*oia8ft X 1.0S2 x uoom 
• 0*73iO 
The Vfiltte of the area m t i j l a the secoi^ approximti<Ki 
The Viilne of the meter coefficient In tlw third approxi* 
nation can sow be obtained fro« fif*3*7 L l i ] tkL«il fives 
E es » fuocticm of m for s sh^rp or i f ice placed in s saooth 
pljpe and when the pipe Hcynolds nuaber i s greater than the 
eri t ie^il valns. Corresponding to a « 0*5498, K"^ • 0*7148 
to correct th i s value of va&t^r eoefficii»t for the 
bluntneas of the or if ice the roughness of the pipe and 
Reynolds* nuaber^ th** ear l ier procedure i s udooted* Thus 
from fig* 3*8 
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O C 0 1 0 2 0 d 0 A 0 5 i ) 6 0-
Fig. 3.7 m 
» uoiaio 
K^e * '•03.62 , % » 1.0098 
H«iie« K"* • 0«n4S z U012I0 x X*01i6S x 1.009B 
m 0.7396 
and •** « 
« 0»M7S 
For a l l practical ntirposss, th is iralu© .>f m can b« 
chos«n &5 ths f ina l v Itie, though i t i s t)05Sible ta continue 
this orace.'s of succ^ssi /« appraxisiation. Thua | 
m a 0«S4?2 
Ao m •[• • NTO.MTS 
» ^.64 Jo*G«72 
» 1»875 «3» 
Thfe propa»v-tIons swgfest<sd in UUi IWE [11 ] -were 
adopted Tor ot&tr (li£i«n&iaii& of tlitt orifice viter* Fif«1.3 
shxj^Q the various dineiasions of the opific» a»t«r. 
For th« ej'libr:-.ti«>t4 of th« orif ice plat* i t is required 
to SetemiiiuB ttm valuas of disch&rg© coeffici^at Cd or flow 
ocKifricieiit K correspc^ndlng %o different flew r a t e s , th i s can 
he daofc ©lth«r by the eaiicpical equation (1»4$) given by 
Filb&n and Sriffen or by eoiaimting the Taioes of various 
coefficients occnring in equation ( l*4*d ) . 
the Filban»» e^iperiosl foraailfi (1.4.4*) i s valid for 
cases vhere the or i f ice edge is stenrp. In th# csss tmder eonsi 
d®rati<ai the valoes of the sieter c »«friclent obtained vith 
the hMlp of th is esTieriCftl for aula wi l l h*v» to be corrected ta 
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o O o 
orlfle* to have a sharp odgo* ^ 
K* s 0.6026 • 0.343 i^ • (0.00075 • 0.0X3 ^>r^^ u^ 
• 0 . 7 0 4 7 i ^ « ^ 
As giv«n In the destgn proeedurs « th« valiM of Kcc is 
obtaindd froa flg« 3*11 as 
foe » 1.018X 
fhttf til® ;iodlfl#4 valo* af th« a«t©r co«ffielent aft«r 
taking into ftceoimt tii9 «ffeet of %hm orifie« edg« blimtBtss 
K « !«( Z K* 
» 1.0381 0.7IH7 • 
• e l o e i t / of ap0i«&ch factor for the orifl<^ plata 
undMr ecnsldcrati^m t-
ftew Bd • - | — • i!^P~ * TTm^ Bop 4 
or C d l . O . « l • ^ ^ 
tbo Y&lues of K and Cd aro ealeul&ted in table - 3.2 
for a viiSo r&nfe of pipe B07aoI<t imabers. 
For the ealibr&tiim cC the as^ter by the seeood aBthod« 
the different eoeffleliata ai:^  eorrecticm fcctor^ occuring 
the e(}B^tion ( 1 . 4 . 3 ) are detersliied. 
nie value of eoeffieient of e<mtraetio& for an area ratic 
OJMfii i s obtmlned froa f i g . 1.1 as 
C^e oO.iMO 
Froa Fig.-3.1J2 11 ] t * ^ eorreotlon for velocity of a!»proaeh 
Ig for an ares ratio » • 0.6tf2 i s i* 
SS » 0.91fi0 
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AtiA froa flgfi.3»9 and 3.10 
Ke« • 1.0166 « % « 1*0096 
H«iie« r** s 0.714S X UOia«0 X X*01JSS X X.009B 
» 0 .7»S 
« 0.547S 
For &11 pr act leal p\irpo3«3, this vt&lMe >t m c^ in b« 
ehos«n as tha fin&l v; lii«, though i t Is :)ossible to eontlnne 
this 3rac©?s of s«ce«ssi/e apprd:£i3ation. Thus | 
m » 0,M?2 
^ o » -ii" • -fo.JHTB 
D 
Eanea (^ Q » 4i*64 Jo*S47S2 
« 1»875 e» 
Thfe prapiaivlEicms sugfestisd in blM 19®B [11] ^er© 
a4opt«d Tor othtr ilmm^iom of thm oritXem aster* Pig«1.3 
show's th« Yarioas dii«f»nslons ^f the oriflc» a»t«r. 
Sal C^U^m4i^ 
For th© «'-,lib?;'.tl'>!k uf th« orif ice pla.t« i t is required 
to ^eteralne thife values of discharge coeffici^i t Cd or flow 
oo«sfflcl«it K corresooiiding to dif fereat flow r a t e s . This can 
!>e a:5Qt feith«r by the ©atierlcal equation (l»4il) given by 
fi lban find Oriffen or by coaimtlag the Tallies if various 
coefficients! occuring la equ&tio^n ( l*4*3 )• 
The Pllbaa 's e-aperiosl forfmlti (I«4»4») Is valid far 
c&sss •*her© the or i f ice edge is sh»rp. la the ©r s» ui^er coasi 
der&ti<m the vali^s of the !»9t»r c»er t i c lent obtained w l ^ 
the help of th is e!«r>eric«l forsulft wi l l h*ve to be corrected to 
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orlfle« ta have a sharp @dge* • 
K» « O.eoefi • 0.343 1? • (O.OOOTS • 0.013 ^>J^^ h 
• 0.7047 • ^ • ^ ^ 
As given In the desiijn procedure , the valiw of Kcc Is 
obtained froa fig« 3.11 as 
foe • 1.01S1 
Thm th@ stadlfi«d value sf the Qeter eoeffieient after 
taking into eeeouat ^le «ffeet of the oriflee edge blimtniss 
K » K^ X X* 
» 1.0181 0*7047 • 
Bep*'^  
•eloeity of appiwach factor for the orlflM pUte 
viB&vt eoasiderEticm t -
Sep V:. 
or C d . O . « l • ^ ^ 
the Values of K aM Cd are ealeulated in t^ble • 3.2 
for a vide r&nfe of pipe Bey&old numbers. 
For the ealibr&ti^m o^ t^e s^ter by the seeo&4 a»thod, 
^ e different eoefflelents and eorreeticm fcctor^ occurIng " 
the e<ia^tlon ( 1.4.3 ) are deterai!»»d. 
tb» valus of e<MffieiMit of ecmtraetimi for an area ratio 
0.14fil i s obtained frora f i g . l . l as 
Ce » O.fWO 
f ^ a Fig«-»3.1^ [ 1 ] t * ^ correction for velocity of at^ proaeh 
% TOT an are« ratio m » 0.541118 i s >-
fS • 0.9XS0 
H«ioe C^ ^ 1^ • 0.6960 X 0.9180 « 0.8865 
-1 
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i^iBLE - 3 .2 
Values of Bet«r eoef f lc lent K and aischsrg* coeff ic ient 
C4 correspoodinf to different Heynold? oawber as obtained ^ 
Filban and r,rlffin's eaoerical equation. 
Ih«80 iralms <yf Q^m Kl umA K^.E ar« In funeral 
«gr««i»mt with the earres ^ fig* 3*12 &nd as ttseh thi» valat 
of KE • Om9USO i t tAtoB for further eoaputatl >n 
Tht vftltM of eorreetidii factor f ^r tapping |>ositioD 
Kv^  < l a eum of eora«r t & ^ ) for a yalii« of aro& ra t io 
• « 0«646S i s ehosoii froa figoI»3 
fh« csorroetl^Q for veLoeltf dlsirlbfatloti l^ ^ ean b» 
ealealatod with thg ftp of equatlcm 
assoaiag Al » I^IQ and dst • 1«0SS« Thua 
AS given ia chaptsr«I , the c^rroctica for ha&d loss 
&r call be assis»0$i to ha 
K^  • 0*990 
The flow coofficieats and tlm disehiirge ooeffieleats 
of the or i f lee aster for Eeyaolda maaher fre;?ter than the 
c r i t l e s l Eemolds imtaber Is eoi^3«t«d aefleeting the effects 
of pipe rcm^uMss &i^ or if ice edge thleiEoess* 
Ko* 2 . % . Co . Ky. K^  1^ 
» 1.19fi z 0.91&0 X 0«#96 X ^100 x 0,99 x 0.9870 
« O.TaBS 
The correction far the pipe rouglmesa is ealett}.&ted 







L- i r - — j * i 
« 1 • 0.000461 (10^20 n&p)^ 
ibe ftfffect or bluiitiiess^ of th^ o r l f l c« ie sstlsp.t#d 
fr&a flg» 3,11 
J^e » i»OXgl 
t h t •aliwii; »r ^ for d i f format rp^lma ^ mp» «r« 
1»> v«rt f / Uiis'-e t v j eapsrlei t l « a l i ' r a t i o n proctid«r«s 
a-, ftxpertateat ¥: s «oiviwcte4 utini: th^ dtftlgnod o r i f i c e M»t«r 
s i ^ the iralt»iS ^ ihc discharge coc r f i e l 'mts v<prm d«terBln«d 
«xperliatRtplly« In tl*ia experiaPBt the diff©r«Rtlal j re-st i re 
heud i s •e&a'a,,'©4 by &- simple tut-.ubfe d l f f « r e n t i a l a@noaiet«s> 
( \«$ii3ig i^rcury as majTiOsetrlc l iqu id a t higher disen rges and 
e&rhoa t e t r s c h l o r i d s at 1<JW^? 3 5 3«i-uij*?«« ) aad the dischsr^© 
Is a)»asupe<l vixh the hr Ip of ^ eal l i ra tof i isoastsriag tasAc. Th« 
•x.periB9b»)ital values of dis^ha^ft! coef f ic ien t obtained are 
glyen Itt t ab l s - 3«4 
#or y^urpose of evaluat ion of t^ two c a l l i^ t l .n 
pFoeedureSf cnrves are p lot ted sho>»Siig the va r i a t i on af 
discharge coef f ic ien t with pep on a sea l - log p l o t . These 
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SxP£Mif^£/^T 
^» 10,000 
* • iSfOOO 
3» fio,ooo 
* • 85,000 
®* 30,<X)0 
* • 3S,000 
^* 40,000 
* • 46,000 
• • €0,000 
^0* SS,000 
^^* ^fOOO 
^ * ^,{K)0 
^ » ?o,ooo 
^ ^ 0 0 0 
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0 * 8 3 ^ 
0.8311 
Vauea Of n o . coemclent K ^ eoef ^ lei . 
K€MiojLa« mmh^ra (c0apat«d K» 
• * • • . • ^, 
Q l i t / s e c . 
Etyaolds >/H«P ^4* 
1 . 0«18a05 978.0 31.18 0.8440 
2* 0.188at> 10081 100*21 0.6480 
3« 0.1dftl 10421 102 .oe 0.8430 
4 . 0.2232 1 2 3 ^ 111.00 0 . ^ 6 0 
6 . 0.2«8$ 14221 113.20 0.8370 
« • 0.303f 18S80 127.30 0 . 8 ^ 1 
7 . 0.3320 17710 132.20 0.8360 
8 . 0.3«31 13480 136.80 0.8341 
9 . 0.3602 13280 138.80 0 . ^ 4 0 
10. 04K36 20860 U3.S0 0.8340 
11 . 0.4113 2XM0 148.00 0.8331 
12. 0.4221 22550 150.10 0 , ^ 4 1 
13. 0.4«tB £3920 164.50 0*8385 
14, 0.4728 83150 158*20 0.8381 
15. 0.4880 23120 151.30 0.8348 
! « • 0.4881 28700 183.30 0.8340 
17. 0.3181 27860 186.90 0*8312 
IS* 0.3270 28190 187.50 0.8340 
19. 0.8831 29880 171.80 0.8310 
29 . 0.3820 30010 173.00 0.8313 
2 1 . 0.8881 313SK} 178*80 0.8331 
22, 0.8181 33080 181.70 0.8315 
23* 0.84B1 34860 188.00 0.82B6 
84i* 0.8832 36180 189.00 0*8322 
25. 0.7110 36060 194*80 0.8312 
20 . 0*7380 39620 198.70 0.8301 
I*. iiA iA "" 
Reynolds misbers th© «a?)©rical eqasitlan of Filban and 
Qriffin gives bet er agre#a^it with experlaent. Whep««as et 
higher Rayaols rmaaers the second method gives mctv exact 
r e s u l t s . 
for th« ctesign ot BeeooA&ry eleaent of tiM i^ter , the 
•%;periaKental resul ts ohtai&ed are direct ly used. Sueh an anTroae 
is not mrf ratioa&l froai th^ rimi mint of the aanafaeturftr, 
as the f %Ilbpatiori af 6 ch irtdlvidual or i f ice plate ean not 
be d^ EMi experlamatally* Gener:^! practies i s to cal i te^te 
th« aril ice plfete with the e<perls»atal iRta available* Eowe^ 
ver, aanaf^cturers are xistially iaterestcid in larger seters 
( for pl|>€s of <Sias!eter» greater th*.a BO MB) la which case the 
agreeaeat hetweea the cmperlcal and experineatal Ciilibratians 
i s aore sa t l s f c tary . 
ftertl^r 9 by t&kiag the experlaeatal ealiDr^^tioa curv*© 
as the basis for the ieslga of sec^mdary eleaeat , the errors 
iatjraditted 1^ th® seeosdary eleawrat caa be better oaierstixi^* 
l a chapter I I , the orif ice meter seoad&ry elewiats 
eomaiaaly used are describ<'?d. 2a the :;res«at woi* t^e aercary 
float tyoe aetor «as chosea as I t f in i s a verj vide application 
ia t l» B^era ea^laeeriag pract ice. The aercury float tyue 
of a[fS4EiO!BBter i s saff ieleat ly rugged aM s i i ^ l e ia e<mstr»e* 
t ioa for iadust r ia l use. At th« saae t i a e a l l the eo»» 
QoatHlts of th i s type of seemidary eleaeat eaa be tst^ de ia 
a saiall workshop. 
the {aoir«aeat of the fiMit i s traat^Bitted, after »»eessary 
l iaenrlxat ioa, to the iadlcatiag needle by aeaos of a 
d i f fe r« i t i a l transformer Iwidge c i rcu i t aad a ser^oaotor. 
the c i rcui t used is s l ight ly different tr-m th^ c i rcui t s 
d«serib«d in chap te r - l l . •ch«!^tie aiT>nfe?aent of th« 
seeondarir •l««#nt is ihown in flg-3»lj8« 
thit vmimtrntev eoii^rls«s of & ^ t u b e an* 1 1 ^ 9f whl<^ 
for«8 the f loat ch&mb^it, Th« flo*.t elka&b«r i s aade of cast 
iron &»} is tuniisd to the reqaired dl&is;et«r. ttm resaiiiiiig 
part of ^@ saanoaeter i s out of a thidk vailed 8taial«ss 
8t««l t9b# ending la a uippla for p7«afiire tat>e coaioetion. 
The f loat ehaiiber is provided ifith a l id on ^ Ich is f i t ted 
a nipple for the seeotia pressure <K»meeti<m* Tte f loat is kept 
flo&tiitf in the taetQwtf and has a sten which passes ttirv«ifh 
a thin walled brass tube a t t ^hsd t o thd> lid of the float 
chx^amrm The f loat i t desipaidd to f loat v « < r t i i ^ ^ ^id 
in the tube mi the flofit eh&mh r^ ^ o golie sarfeees are 
provided so that tha stem of the f loat i s aligned p r o ^ r l ^ . 
The aain porticm of t i ^ rio<t i s aiade out of lead and is 
provided with a vtibbef lining to prevent elwmleal aetion of 
aereurjy on t ^ f l oa t . The stea of the f loat i s out of br^ass. 
The free eoA of the flftit s ^ a i s attitohed a sltort l^ ^ogth of 
a i ld s tee l rod^ whleh acts as the araiature for the differentia 
t r nsf(^ser ^ i e h i« i>laeed surrooiding the tifte attached 
to the SEoonies eorer plat« . This differcmtial tr^ssforaer 
aets as the t r ansa i t i ^ r of the instrument* 
The seeond&ry eleinsnt is provide v i th oaotVr 
different ia l traasforsaer f l l ted with a aovable aroature and 
acts as tlMR recpiver* The secondary wind^lafs of the two 
dif ferent ia l transforasrs are comi*i«t^ to fora a bridge 
c i r cu i t vher#i*es thei r priaary vii^ings receive a 00 cycles 
k»c» supply whose volt ge can be varied over a ran^e of 
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ill th« tMQ differentia I tram formers the bridge aay get 
«at of bslmiee* imr uabaXaiiee in tha bridge eireait is 
uipUfiea W an eo^Ufier sad i s fed to a wrtotmtmr vhleb 
at&rts i^ kftiigliig i t s eiig«lar position, (te the shaft of the 
9mrv9W0t^ i s mtJOBted a e&a vhieh alters the pot i t ion at 
t1tm fikrai&ture in the reeeiver* ^las snjr onl^leiiee in the bridge 
clreuit v i l l oanse the ces to adjnst the loeation of the 
araatnre in the receiver so as t o attain the eorreet Imlaaee 
position* fhns the anpilar position of the servoM»tor 
i^iaft i s a m»&»nr* of pressure differential and as sneh oan 
detemine the discharge floving past the ofiflee pk te« The 
angular oosition and henee the discharge i s indicated by 
a pointer aomited <m the serroootor shaft and imrinz over 
a eirealar scale* The e&m i s BO designed that the circular 
scale i s uniform i . e* equal angular dispUeenents of the 
pointer correspond to the equal changes Uk ttes discharge 
rates* 
gift Pfylm 9t ftt<«rtiry titimtt fa 
The dlaensicHiS of th^ " f los^t type of »inoaeter 
described earlier are selected based n^ the following 
conditions t-
1* The rertical pipe ih^rald not be too narrow so ^lat 
capil larily effects tht) accuracy of the a»ter. 
2* The diameter of the vertical pipe should not be too 
l&rge as this vould require a larger quantity of the aereury 
which i s a costly naterial* 
3* 'Sim vertical pipe mst be out of a cosffliereially avaiUA 
ble pipe h&ving reasonably unifom bore* 
4* the float eha9b«r vost be of such a dianeter that the 
narioaia no^raaent of the float is of the order of 0*7S en 
vhleh intern i s g^irenied b/ the lengtli of the dlfferwatlal 
transf«raer ttsedl. 
5* The float ehasber anst be of sitffieleiit S I M SO that 
It e&n aee^^nodsite a fl«&t c^  reasonable s lse and velght* 
A very light flo&t wil l not be abl@ to ovtirecfmt the t«rf&«e 
frietioa that im.y eotse into exlst&noe betwe^i the float 
etoB ifid the piide surf&ees provided in the flo^tt eh&a e^r 
co¥er« 
KMptng a l l these itStMiets in view the varione 
diaensiOQS f^ the aanoaa t^er rdoid float are ehoeen end the 
saai ftre < i^Q«>ted in the drawia<gs. la finalising these 
diaensions som piiL*anee is takmi froa Soviet praetiee. The 
m&Jar diaensi^ms are as follows s-
Di&aeter of the vertie&l tube for the aanoaeter 
3"/8 (9«S4aii) 
Di&a&ter of the float ehaaber f3»2S an 
Wei^t of t ^ flo&t 4SX> gas. 
Biaaeter of the f loet stea 5*0 aa 
Diaaeter at the araature rod 5*0 m 
Depth of the centre of gravity 
below the aerenry amfi^ee viten 
floating 16*5 ai 
2*7., .i!irUiSilLxa^2£«yitj^$a£ « 
In or'3«r to bring tj-e iseasuring system of t*ie iBPtruaeat 
to equllibriiaai. the Instrwsent ewoloyf a p«v®r3i'3le «R'>aclt >i 
motor. Th« s t ' t >r viiKJirif of th« motor eoas i s t s of twj 
i ^ e a t l e a l c o l l s , on* of -^hlch i s f.ormactel t • th« miiim via 
R s e r i e s e^nnected eapacltop ani the other Is eoimeetftd 
to th« output of th« «l©ctr«i lc ampl i f ie r . fh« motair has & 
«qulrp«l-csg« r o t i r . Th© aiotor I s f l l t « d v i t h a b a i I t - l a 
eoaoAet gesr box f i l l e d with o i l . Two holes are provided 
an the body of the laotor for o i l prlwlng drBining. Speci f i -
cs 11ms of the aotor are t 
Power supply vol teg#, V »—.—««——.-——.--.- U||g7 Y 
Frequency, c / s — . — — » . — « « — — . — . - . « . — « . . 5 0 
Power con«uiiptlon, Vii-*.——*——.——.———14 
Carrea t , A — — — — . — . — — — « - « 0 . 1 
E&tlag of the capaci tor connected 
in se r ies * l th one of the wladlugs, / T ? - — — — 1 
Ho.-load r o t o r speed (without jr«ar 
box)I r . p . a . —— —*— —l^X) 
M>»load r-»tor s-jeed (v l th ge&r boz}f r « p « a . — 5 0 , 7 
Reduction ' . . . « . . . « . . « . . ^ . « . ^ . . 1 /39 .06 
Haxlausi torqu» an the rotor s^  af t . Kg ea———3*906 
3aa •Qeglaa of e o l U for d i f f e r e n t i a l t r&nfoyaer 
ftm p r l » r a i ^ secondary c o i l s hare been deslgnfHl l ike 
s i ap le induc tors . tYm main dimensions are as ux»ier t -
PrlM&rv e o l \ i 
iMsber of t ^ m s 6000 
Biskweti^r of wire (cu) 0.274 BUS, 32 swg. 
Di&aeter Jf wire with 
insu la t ion 0.314 mm 
Inner i l&s^ter of the c o l l 10.0 ass 
Outer AisMtcr of the <» i l 37.2 m 
ke9i»t&fkem ao$*0 9ia» 
3«l f l^iMttftao* 33*7 alf« 
ifis.^,»ar,.«2U * 
nnwber or turns 2K)D0 
L>iia«t«r of wfJMi (is8») 0*S7i a% 32 stfg 
lasts lat 1cm 0*314 an 
2m«r dlaiistvr of thm c o l l 37.8 m 
Otttsld* dlaaiter of tiie 
091I m.x m 
Ifoan l«iiitli oer turn 1M.2 HI 
Ii«agth of thm c o l l SOvO aa 
R«slstate* lj^*0 ohas 
S«lf li^tietaiie* d ^ ^ oR* 
aai».JiiiiMdis .im, W.kx 
Tlw a3c»Uflttr esuslsts of the followliig st&gos t-> 
i ) 4 v«oltaf« aapllflor 
11) & phmm nmmltVm Doircr a«Dllfl«r 
fnbe ^117 a tula trlode Is ussd f03> ths t«9*tta^ E.Cf 
eoaplod Tolt&ge a!ipllfler« to obtain large valtagft gain load 
roslstan^is luiod are l^ rg® la eoaparl^oa t? plato roslstaiiMM 
of tha tube. First at ge load i«slstit»Be Is 800 K a ^ sveond 
s t a ^ 100 K eSm»»9vT &11 gain h&s beoa eaXeulat«d lis 300 « 
Ttib« 6 AS 7 a tiflii power trlode Is osed for the p)i&se 
^fisltlve power aspllf ler stage* C&p&eltors Cgf C^ ^ Cj^  sad Cs 
are to block the direct eitrreats. f3rM bl&s for tlie f irs t 
stn?e i s obtained by using a lar^e grid leak reslstsnee of 
1 H ohsB • For secosid stsge the grid leak reslstanee Is 
1 H oim»m This i s Iso used as & potential d IT Idea* to adjiost 
the aiHiint of volt&g© applied froa the f irst stage to seeaiia 
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eatiK>d« bi&s res ls tdr Hg of 2.2 i: 9!^ 3@* klso from th<:; po^er 
aaii l lf ier stsge feed back is giv&a by a emndetloti throiifh 1^ 
tj c&thodi* res i s tor B^* the aacmnt of f««d hmk can b# wirl«d 
wad is us*4 to control the voltag© i^f^lifl^T gsla. The hi-h 
resistance ia the p'iS c i rcu i t of the poster capl i f ler will 
el&ap the grid in the ease t!ie grid slgiiel i s too high* 
fhe plates of the poumr tttbe are supplied froa the vaAa 
of the tr$ itsforser so that the voltages are i a asti^phase • 
The amplified output c^ the vjltage amplifier i s ap-^lied to 
the grid of the power amplifier* The eoaioetion of the tube 
seetioa depends on the phase of this volt> ^ Is, vheather 
the s late ipoltcige of the given tube seeti<m i s ia pliaM or 
ilK in phase opposition with the input voltage* £s«h section 
of po'rieer fapl i f ier tube wi l l cmdhict In that half of ths 
a.c* plate supply ia which i t s nlate voltage i s positive. 
fhiis each section wi l l supply a half wave rect i f ied pulM 
to the load* 
Xf the grid signal to the power aaplif i^r is sero the 
pulse of the current supplied h-r th® t^o sections will be 
s i a i l a r and hsnce t i ^ current supnli«Hl to the aotor winding 
which is the s m of thi two wi l l e^i^l^t of ^ d*e* covpoaent 
ai^ &*o« e^mocHients of 100 cycles a»cl higher l^raanics* 
4s the a&in winiing of thp aotor i s suo lied by SO cycle a*e*| 
in tlila ease the aotor %<ill not run* 
If e griWI signal Is applied, i t wi l l be in ahase with 
respect to the plate voltage of the other section* The 
rect i f ied output lulse for that section for which i t is in 
phase wi l l be larger than that for «ie other sec t ion . Ttssa 
tl»a load current supplied to the asotcKr winding will l^ve 
a net 50 cycle coaponent* which wi l l be in ph^ e or out of 
ph&9« * i th r«»p«ct to the pl&tm «m>pVy of an© of the sttctloms 
of the tab«, dupendiag umn th« phase if the f r l4 slfoal* So 
a 80 eyele supply is gi'^ma t» the motor vlndlnf, twitch is 
e i thar leadini: ^r lagging hy 90^ the iO cycle supply to tlw 
aaln vlaaixif of the !»tor; depeniing upcm th® phase of tibe 
inimt s ignal . Thus the direction of rvt&tiim of the laotor 
wi l l dep^Hl upon th^ ph&st of the in-jut s ignal , 
FrOQ the eqpivalent eircii i t for seeti<»i of the voltage 
&nplifiert ^oltri?'e g?in c^n l^ calculated as 8ho«na below i» 
l e t , Ip at r.»»«» r«lue af the plate <mrreQt 
• » - ^ ^ , L'n 
So at f o l t s f c across the ImA 
s Voltage g£ i n • 
For the 1st section i 
/« • to 
Hi « H2 • SOO K ohBW 
rp « 6.7 X 10^ ohas 
Hence Volt g® gain « 'JM } f^ 
For the sec£»ld|f ]Mcti<:» s 
/ « » 20 
HL » Ea • XOO K ohWB 
rp « 7.7 k ohss 
100 Hence Volt ge gain « 20 x 
100 • 7.7 
s 1S.6 






X. IS 42.0 420 
2» 20 42.2 482 
3. 30 42.5 4m 
4* 40 42.7 427 
S* CM 4e.8 428 
9* 60 ^^•9 ^ 9 
7. 80 ^ • 9 429 
8. 100 43.0 430 
9. 200 43.0 490 
10« 300 43.08 4-^ .8 
XX* 4m 43.1 431 
12* soo 43.1 431 
ia« mo 43.1 431 
X4« 800 43.x 43L 
IS* 1000 43.x 481 
X6« sai: 43.1 431 
17. •3lv 43.1 431 
ia« 4K 43.0 430 
19* SK 42.8 428 
20* ^ 42.8 428 
21* 7K 42.8 428 
22. 8K 42.8 428 
23. Wei 42.4 424 
M . 1(X. 42.4 424 
2S. 1 « 42.4 424 
2«. 201: 42.4 424 
27. 3QK 42.0 420 
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fh» obJ«ct of the e&m in the s«em4&ry eleaeiit i t to 
prod«e« a linear scale of aeasnreaetit or in other words equal 
ehanges of flov rate shcmid produce e ^ a l angular displaee-
wnt of the indieatiag pointer. Ae st^wn in fif.3*16 the ean 
more* tlie fir«atiire of the receiver and positions It to i^ et the 
bal^ioee in the eircuit* AS such the eaa i s to be s? designed 
that for acqr specified angular displaeeaent eorrespamding to 
a givffia di«sh&rg6 the ara&tnre of the reeeiver snst be aoved 
tiarov^h the d i s tant eqaal to the dlspl&eeaent of the asrenry 
level in the float chaatoer* thm rel&tlonJriiip betwesn the 
eh&nfe in the asrenrf levDl in the float ehanber and the flc^ 
rate is given by the equaticm t 
m m (j^ .^^ ^ag. <i*.AiLicda. .*:?'*'^°'^ * 
AX 
Substituting ths values of the instniamt aider eoasldera-
tian t <g 
vhen l^ i s in alters and Q i s in a^/seo. 
Thus to deteri^ne the val&es of hS eorretponding 
to BS^ discharge H the eorresponding valwe «tf eoeffieimit of 
discharge C^ is to be f irst deternlned* For this puroose 
a graph is plotted shcNi^ ing the experifaental values of 
eoef fie lent of diseh 3^T»le as a fistetion of the ^Iseharge Q 
fig-3«19* Using these intperiaental iralues of C^  the float 
dis^l&eenent h£ fc»r different flow rates are ooaputed in table-
3«6* T^ last eolt»Bi ^ indicates the va'ues of ths pointer 
displ&eesient assigned. In this particttidr ease the value 
of tbs a. i s assigned so that a ItP disple«eaent eerresp<mds 



















































v»»!ib« " rt 
l i t / » e c •' u ^«i;r«« ,„ 
! • 0.10 0.6474 0.01840 10.0 
2 . 0.15 0.64«1 0.04775 18.0 
3 . 0.20 0.8418 0 . 0 8 6 ^ 20.0 
4 . 0 . : ^ 0.3393 0.10843 ^ . 0 
5 . 0.30 0.8374 0.1827 30.0 
6* 0.3S 0 . 8 3 ^ 0.2068 38.0 
7. 0.40 0.8348 0.2738 ' ^ 0 
8 , 0.48 0.8338 0.3478 48.0 
9 , 0*50 0.8327 0.4304 80.0 
1 0 . 0.55 0.8319 0.8224 86.0 
! ! • 0 . ^ 0.8332 0.8230 80.0 
X^Siip o.es 0.8307 0.7321 85.0 
13« 0.70 0.8^^02 0.8518 70.0 
X4. 0.75 0.83IH1^ 0.9778 75.0 
15. 0.80 0 . ^ 9 8 1.1130 80.0 
le. 0.88 0.8294 X.SHK90 88.0 
17. 0.90 0.8292 1.40S0 90.0 
18 . 0.96 0.8290 1.8710 95.0 
19. 1.00 0 , ^ 8 8 1.7430 100.0 
20* 1.05 0.8288 1.9230 108.0 
21 . 1.10 0.8285 2.1130 110.0 
22 . 1.15 0.8284 2.3080 118.0 
23 . 1.20 0 . ^ 8 3 2,8140 120.0 
24 . 1.26 0.8282 2.7930 125.0 
Tlilf^ ^ - ,3t^ 
U-timshlp betw««m Q, h2 and oU 
wmnt I s e^«r«d by an sagtilar dlspIaeeaMiKt of the OT6»T of 
270 degrees, Howevert in t h i s p&rtleular InstriUMmt th i s 
b&ses Was nat adopted as i t Is i^oposed to ae&siire the aagls 
cdT Alspl&eeaeat with tlm help of a aaehljie divided protractor, 
A earn vith & iK>llor type of folloMrer is designed using 
the graphical aet^>ds [ 14] •The aiaximia r&dins of the eaa Is 
22mS « and the r o l l e r has a diameter ^ 12*0 Mu Far pnroose 
of »iniifaetiire the ee» pjoflle v&s plotted <nt » draviag ahB9t 
myi the saite tias supplied to tlm «amifaett2rer» Based on th is 
design voric^g drawings of varloas ecm^poeeiits urm prepared 
and the instruaent is aiiimifaetnred by a loeal fir«i« these 
drivings sre given in the appendi.'c* 
xwiim or im ^mm 
?!» Qfifle* lilntfi i s f i t t ed on a 2«S4 ea (1*), 
dlaiietdr pipe v i th straight Itngtits on «ith«r sid« p l a t e r 
than 20 tl^cis the ripe diBa»t«r. t1» pipa lla© re««iv«s 
supply froa a large ov®r-l»»adi taak ^f 16 f t . r 12 ft. x 8 f t . 
si»» plseiftd at a heifht of about 12 a Abo^ e^ th« orifice* 
ttm disch r^e froo tlwe plp« is led to a aeasuriac taoSe of 
0*fa ic 0*6 St X 0m9 m sii«« Tho aA«sttrla;| teok i s f i t ted 
wit^ a pi«fiNNieter arsd a vertie&l seal«i with the twlp of 
whieh the volnai of ¥&t«r eDntsiiied oftn be dotaralaod* 
The seal* of the tarilr i s i n i t i a l l y e&librate4 vi th the 
help of ft platform type of seales* T«o v&lves &re provided 
(m the pipe line for purposes of regulatioft aMd to eoaplete-
ly dlseomiect the meter froa the M ter supply, fbe 
regtil&tian of the flaw ate i s done with the help of the 
tralve at the discharge end of the pipe* 
The differentin1 transforaor coi ls w«ro fiven a 20 v . , 
SO eyelos AC supply with tb# help of & traa8fora«r twA 
potential divider arr&n^eaent. the seec»^Uury isoils of 
the different ia l t r tnsforawrs &re eooneeted to fora a 
taridge &nd th& voltufe across the inpat r^ints is fed^l^e 
amplifier, A 127 V»» 50 cycles eiiergising supply i s given 
to the amplifier by m>si.n» of a vari&e* the ootpat :£ the 
aai>lif ier i s connected to one of the bindings of the servo* 
aator . fhe other winding of the servo->aK>tor is given a 
127 V', SO c y c l ^ supply fr«« the v&riae feifding the 
&apl^fier • iki th» shaft of the servoaot^nr i s ammted ths 
c&a ti:^ ft point*?' t^hieh »wes on s. protyaetor which can wad 
ttoto f* . The arfSRttire of tt» roc^l'rw ea l l la pl&^d 
i'o th«-*; i t s rol lcf r s s t t oa the ca® surfsc«. 
?h^ .iarvoaot'-'r, th& r«e<iiVGT coi l ami pr3t-i^ct«p ar© 
*aa*mt^ d on & ba^llt4& stricd* Tim ^anoiiet^r ^Ith the tretiis-
a l t t « r i s m5>«it*l a another »timA and Is adjiast^d iso th&t 
the aas^M^trie limbs &ro ve r t i ca l , tim m^tuem ^xmriwuntal 
S9tiip if> tcheamtleally shovn in fig* 4«X« 
Th« in le t r&lv^ of the water supply 1» eoa&iet«ly 
Qp«ELi^  «Bl the thytt i s regulated ^ th« discharge valve* 
tim repxl&tiRg valv© i s set at & position and the &ng:al&r 
position of the pointer i s noted aTter allowing anfflcient 
t i ae tor the flok' to fet stahllised* The c<»'res pondiof 
disch«rfe flowing thraixfh thet swtsf i s -ietei^ned lay ae-surii 
the tljae t i^en for a specified iii^ isu&titjr of w&t«r to ^et 
cellectp»d in the tank. 
t¥o sets af ohsarvr t i 3I3S are recorded cme v i th the flow 
r;%te beimg lucre .*-ed Miother vih*n t ^ discharge i s being 
redneed* These oh&ervationi are shown in tables 4*1 and 
4 .2 , 
la f i g . 4.2 the v&ri&tioa of the angal&r dispkceiatnt 
of the pointer with th9 flov ra te i s shown* Three graphs 
are plottc^d based cm the erperisMtntal resnlts given in 
t bl©s 4*1 aafi 4*8 eiwi the predict©'^ values g i /^ i in t ble 
;11 the three plots s^wn in f i g . 4.2 l i e on straight 

































S*^o» Toltiaw of flaw of 
Wjitar eoll9ct«<l eollsetioQi 
in l i t e r s in sees* 
Hate of 
discharge 
in l i t . 
Angular (llsske«ment 
of pointey 
i n dm^TB^. 
%• 148,8 43S.4 0.3410 30.0 
i i« 148.3 402*3 0.3898 32,0 
a. 148.3 377.4 0.3943 38,0 
4« 148.3 38^.3 0.4141 39,0 
£• 148.3 387.4 0.4548 42,8 
6 . 14^.8 283.2 0.8075 47,8 
?• 148.8 286.2 0.8891 81,5 
@ . 148.3 291,9 0.8907 84,0 
9* 148.8 840.1 0 . 8 1 ^ 58,6 
10. 148.8 331.8 0.8412 88,1 
lU 148.8 221.8 0.8704 80,0 
12 . 148.8 217.4 0.8844 88,0 
13* 14S.8 209.9 0.7089 83.8 
U. 148.8 184.8 0,7819 87.0 
IS . 148.8 183tt« 0.8S87 71^2 
3J8. 14d.8 108.4 0.8341 78.0 
17. 148.8 188.8 0,9491 82.0 
T*.tiLE - 4.1 
Experlaeatal otosorvations when thei dirchirge Is 
being inerf»fC5 
I vi%Wr I eolleetion Idiseha.?ge ftmnt of poi&tdr 
i ooIIoet«d i ill sees* i in l i t . per {in degrees 
.1. . ^ . l l ^ l t ^ ^ i i n i . 1 I -11 1,11. . - « I I i l . ^ f i l ^ l l t III I, • , 1 l . l . » l l . Ill , I... ,N . 
1* 14B.B 1 ^ . 4 1 0 3 ^ 84.5 
2* 148.8 155.8 0 . ^ 5 2 79.8 
3* 188.8 18».7 0.8788 72.5 
4* 148.8 180*1 041262 88.0 
&. 148.8 18S.1 Qmr^l^i 84.0 
Bm 148.8 gs8.a 0.8230 8».0 
7 . 148.8 2m»n 0.6»>8 47.8 
8 . 148.8 299*3 0.4972 40.0 
9 . 148.8 3«8.7 0.4304 37.0 
10. 148.8 331.2 0.4904 32.8 
11. 14 8 .8 438.8 0.8417 27.0 
IS . 148.8 881.4 0.2?07 88.0 
13. 148.8 888.8 0 . 2 ^ 8 24.0 
14. 148.8 884.4 0.2348 22.0 
16. 148.8 749.2 0.1988 19.0 
IS . 148.8 789.3 0.1934 18.00 
17. 148.8 90S .^S 0 . 1 8 « 12.0 
M V - 4 f t 
ixpsrijwmtal obserr&tions whea the discharge is 
nm^^, t i f Hop^ Of th.«t thf.* l i a , . differ which •lia«ld 
M ^ s arc siigg»,te4 to iaprwo th« seenraey of this typt of 
1. fho data avalUbU fop orlflco plitto t^r pipe aUwtopi 
UBMthmSOmm i s a^t 4op«d*bU. Thif happ«i» to bo * sorloitt 
draw back for ti«iU witors. It i i iiooo»,i,ry to eoUeet aeowmti 
d&t* fop s m l l otif ieo plato«, 
2 . It i s uottslly rm^mmmBA to taso theso in»tr««eiits in thi 
rmgm vhoro tho flotr eoofflclmt &IKI ooofflel«at of dliehargo 
bwiOMBS Muslbly e^aitmnt, Bovov^r," th« pros«it oaso a Ikrfo 
r&lm of ar«& patio s Is ehoo«ei with the ob^oet «f rodoeli^ 
tho s i s* of tho »DO»st«r sad corrosiKiadiBflr tho overall 
also ^ tho iastp'^rait. AS it poault the eooffielittt of dis* 
ehargo la ooatiaootaaij vapyiaf o^or tho «itipo paafs vhieh is 
aao^ep soereo of ftoa-liiioapity la tho iyat^i* If tho objooti 
of podaeiaf tho iQStpuMat la not it prinary i^^ortaaeo, 
tho aeemraer of tho iastnmaat eoa bo laeroaaod eoasiiorobly 
3« la tlis dosifB of tho diffopoatial traasforamra ai^ ^ » 
aapllf iop 00 con»id«ratioa pogardiag popaisoiblo orror la 
tftkio lalt* wcoiait. For a WOPO thortmgh ^aiga proeoda^o, 
i t i» me999&rr ta «i>aelfy tho poridJiaiblo irror and dool||i 
tho tpanaforntr oolla ai^ tho ai^Ufl^r ia aach a mmmr^ 
that a fldat •ttvoaant eorroapoadiag to tho porwd^tblo orro 
,bo ad ^•'•^P • ^ ^ a«pUft«^ •^timt to atart tha - r ^ ^ 
^ t o r - l l^*^' t ^^ ^ -^^•***^ ^"^"^ ooaXytloml o . t i » i 
, « * ^ W .If-*! ^ ^ diff«P«it iooatioaa of the t-c, 
^ * * A _ — ^ « » A ^ A O fr^t^ « > * » • • 
«Mftb 4« *«-*^**-**^ '•** 
werk as the tism lavolved i s too Hiieli* 
4 . The float etperl^aces a certain aaKtnot af frlctlon&l 
resistance due to the motion of the f loat rofl in i t s 
guldinf sarfaees* The effects of t h i s resistaoee can be 
OTereooe by ii»;re»si&g the cros8-»8ectl(»ial area of the 
f loa t . However, th i s will resul t in increased siae of the 
f los t dii£.siber lUQi the sccoM l i s ^ of the tatiooaeter, thus 
m%k:inr the Instrument rather b&liqr. 
In xeas?^! ^^ object to tesign^sadi f&brle&te a saal l 
and soKJOCt instr«?»nt capable of areteriai « l th reasonably 
satisfactory acctiracy is aehleveti. The eoapact of the 
sasof^ter is ob^yloss from the veight of the anrefry used* 
In noraul iastr^awits coaaercially available S to 6 Kgs of 
»©r©iiry i s tised where as l a t^ fabricated meter only 2«S 
Cg« of aercury Is nse^. The insirtiaent gives very satisfactory 
llae>irl8&tl:m of the « a l 0 ani the r^rcent^^g© error of 
Mstertng i s oi the order <€ 6 p*,^ rcent which i s not rare for 
th is tyt>3 of instrtiaents. Tim iH^ r cents ge deviation fro a thi 
predicted value IB •:€ the order of 10, «hlch csa be reduced 
considerably If th#» a l te r -s t ions in the deelgn disenssed 
above are incorporated. 
6 ,^  r g i, g M c ^ a 
! • ?•?• Rr^aldvaky 
2 . Filban T.J. , I r i f f i B , 
3* Report of ^.'® Res«areh 
Co«)aitt»» cm FltiM SMtvrs 
4* Bri t i sh Stmiiilara Code 
5* Fottrth draft proposal for 
ISO 
6 . Stolz and Sehlai 
?• feys t ler 
8* HBO^ U F . 
9* Kiselir* ?•?• 
X0« COBS id las 
! ! • DIM 
Fl0w aeters <ln Hussl^a} 
1964 
iSRI 11 diameter ori f ice 
aeterlng traas . iJ>MB, Ser. 
D, 82 1980, U , 3 . 7»»»7i0 
Fluid aet^rs their tneory 
and applleetioll . 
¥ Ed* S.York, 
1042 (1943>. Flow •Basur«?sieiit 
draft reTlsi^m of 3S 1943, 
A (IMS), 3300, 1980 
Eeeosaendation for Heasureaea 
of f l a i d flow by aeans of 
or l f i ee plates &nd aosz les . 
ISO/TC 30 (Secretarial) 1978, 
1980. 
Seeood prapised vordlnf for 
aa internet loa&l stari^rd for 
iMasox^asat of flold flow 
lay asms at arlf lee plates , 
'^osjsles oat venturi tubes, 
Dolraaeat ISD/YC 30 140B, 1966 
Teeisiilta aereai ire atrajnietvl 
(>^erwLi .%o»s-t-''fl » 
VYiaiBoetl) 
SHTI., .iraha 1983 
Friction factors for piwe 
fl9W.Tr'4ns. mm^ 88, 
871*8M (1984) 
Hand book for Hydraulic 
Cotipiitatlons* 
^oceas Instritjsents and 
(Patrol Hand Book. 
Hacgra« Hi l l - ltW7 
1962, 8 ^mg (1948), Vol. 
Daren Flass aessref^^la, 486 
X2« J#SQr9 do a«bit3 Iiistant n«s d«s Fluids. 
l i r a Fraaeaise, XlO-101 
S«|»t, 1948, T ^ 
TM0BIC f^fWilHO - PHftHi. 
14* Dysmi, F* PrliiGipiLei of NMhaalm 
y^m IT^IP J*D* Eiigiiw^riftg ElfietroQles 
Msfrav^aill 3o<3k Coapany. 
